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CRYSTALLINE ACID SALTS OF CEFDBSIR AND 
PROCESS FOR PREPARING CEFDINIR USING SAME 

Field of the Invention 

5 

The present invention relates to crystalline acid salts of cefdinir, a 
process for their preparation and a process for preparing cefdinir using the salts. 

Background of the Invention 

10 

In the preparation of cefdinir, a cephalosporin antibiotic, deprotection 
reaction of the carboxy-protected cefdinir is usually conducted in a strongly acidic 
medium, e.g., trifluoroacetic acid (US Patent No. 4,559,334). Such a strong acid 
treatment step, however, generates undesired by-products including E-isomer 
(anti-form) of cefdinir; and, as a result, many methods have been developed to 
remove the contaminant £-isomer. For example, the method disclosed in 
Intemational Publication No. W098/45299 comprises converting crude cefdinir 
into a salt of dicyclohexylamine, removing the impurity and reconvertmg the 
purified salt to cefdinir. However, this multi-step method is inefficient and 
gives a low productivity. 

US Patent No. 4,935,507 discloses a method of producing crystalline 
cefdinir, which comprises the steps of reacting amorphous cefdinir with an acid 
in a solvent and adding a non-polar solvent thereto to precipitate an acid-added 
salt of cefdinir, e.g., cefdinir.HCl, cefdinir.H2S04 and cefdinir.CHaSOaH. 
However, the acid-added salt formed as an intermediate in this method is an 
amorphous bulky material which has poor stability and shows low purity. 

Thus, thCTe has continued to exist a need to develop an improved 
process for preparing a highly pure cefdinir. 

Summary of the Invention 

Accordingly, it is a primary object of the present invention to provide an 
efficient method of preparing high purity cefdinir. 

It is another object of the present invention to provide a crystalline acid 
salt of cefdinir with high purity which can be advantageously used in the 
preparation of high purity cefdinir. 

It is a further object of the present invention to provide a process for the 
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preparation of the crystalline acid salt of cefdinir. 

In accordance with one aspect of the present invention, there is provided 
a crystalline acid salt of cefdinir of formula (I) : 




CONH 




.HX 



CO2H 



(D 



10 



wherein HX is H2SO4 or CH3SO3H. 

In accordance with another aspect of the present invention, there is 
provided a method of preparing a compound of formula (I) which comprises 
reactmg a cefdinir intermediate of foramla (II) with a formic acid-sulfuric acid 
mixture or a formic, acid-methanesulfonic acid mixture in a solvent: 



15 




,0CPh3 



CONH 




p-TsOH.2DMAC 



CO2H 



(H) 



20 



wherein Ph is phenyl, 

p-TsOH is p-toluenesulfonic acid, and 

DMAC is N,N-dimethylacetainide. 

In accordance with a still another aspect of the present invention, there 
is provided a method of preparing cefdinir of formula (HI) which comprises 
reactmg the compound of formiila (T) with a base in a solvent: 
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N 




CO2H ^ 

Brief Description of the Drawings 

5 The above and other objects and features of the present invention will 

become apparent &om the following description of the invention taken in 
conjunction with the following accompanying drawings, which respectively 
show: 

Figures 1 and 3 : powder X-ray diffraction patterns of cefdinir.H2S04 
10 and cefdinir.CHsSOaH, respectively, prepared in accordance with the prior art ; 

Figures 2 and 4 : powder X-ray diffraction patterns of cefdinir.H2S04 
and cefdinir.CHaSOaH, respectively, prepared in accordance with the inventive 
method 

15 

Detailed Description of the Invention . 

m 

The crystalline acid salt of cefdinh: of formula (I) may be prepared by 
treating a cefdinir intermediate of formula (II) with a formic acid-sulfuric acid 
20 mixture or a formic acid-methanesulfonic acid mixture in a suitable solvent. 

The cefdinir intermediate of formula (II) used in the present mvention 
may be prepared using the reactions and techniques described in US Patent No. 
6,093,814. 

The content of formic acid used in the preset invention is 99 to 70 %, 
25 preferably 95 to 80 % and remainder is water. The amount of the formic acid 
used may range from 5 to 30 equivalents, preferably from 10 to 20 equivalents, 
based on the amount of the cefdinir intermediate of formula (II). 

Further, the amount of the sulftiric acid or methanesulfonic acid used m 
the inventive process may range from 2 to 5 equivalents, preferably from 2.5 to 
30 3.5 equivalents, based on the amount of the cefdinir intermediate of formula (II). 
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Exemplary solvents which may be suitably used in the above reaction 
are any one selected from the group consisting of acetonitrile, diethyl ether, 
tetrahydrofuran, 1,4-dioxane, ethyl acetate, methylene chloride, chloroform, 
isopropanol, ethanol and a mixture thereof, wherein acetonitrile is preferred. 
5 The amount of the solvent used may range from 2 to 20 volumes(M/g), 
preferably from 4 to 10 volumes(iii£/g) based on the amount of the cefdinir 
intermediate of formula (H). 

The above reaction in accordance with the present invention may be 
performed at a temperature ranging from 5 to 40 X^, preferably from 10 to 
30 1C , for a period ranging from 8 to 20 hours. 

The acid salts of cefdinir prepared in accordance with the present 
invention are novel crystalline monosuLfuric acid and monomethanesulfonic 
acid salt of cefdinir, unlike the amorphous acid salts disclosed in the prior art 

Further, highly pure cefdinir of formxila (III) can be obtained easily by 
simply treating the crystalline acid salt of cefdinir of formula (I) witii a base in a 
suitable solvent. 

Exemplary solvents which may be suitably used in the above reaction 
are any one selected from the group consisting of water, ethanol, methanol, 
acetonitrile, 1,4-dioxane, isopropanol, acetone, methylethylketone, 
methylisobutylketone and a mixture thereof, wherein a mixture of water and 
ethanol is preferred. The amount of the solvent used may range from 5 to 30 
volumes(m£/g), preferably from 10 to 20 volunies(iii£/g ) based on the amount of 
the acid salt of cefdinir of formula (I). 

Exemplary bases which may be suitably used in the above reaction 
include aqueous ammonia, sodium hydroxide, potassium hydroxide, sodium 
carbonate, potassium carbonate, sodium bicarbonate, potassium bicarbonate, 
sodixun acetate, potassium acetate, sodium ethylhexanoate, triethylanMne, 
diisopropylethylanune, dimethylethylamine, tributylamine, pyridine, 
dimethylbenzylamine, triethanolamine, dimethylaminopyridine and a mixture 
thereof, wherein sodium acetate is preferred. The base may be used in an 
amount ranging from 1 to 3 equivalents based on the amoimt of the compoxmd 
of formula (I) to adjust the pH at 1.5 to 3.5. 

Acid addition salt of cefdinir in accordance with the inventive process 
is characteristically formed in the reaction solution while deprotecting a cefdinir 
intermediate of formula (II). More characteristically, the inventive process 
described above gives a higher yield and a higher purity of crystalline acid salt 
of cefdinir as compared with any of the conventional methods. Specifically, 



■ I 
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the purity is more than 99 % and contamination of E-isomer (anti-fonn) is 
surprisingly less than 0.1 %• Thus, according to the inventive process, acid 
addition salt of cefdinir is highly crystalline and shows high stabiUty, from 
which highly pure cefdinir can be obtained in a high yield. 

5 

The following Reference Example and Examples are intended to further 
illustrate the present invention without limiting its scope; and the experimental 
methods used in the present invention can be practiced in accordance with the 
Reference Example and Examples given below, xmless otherwise stated. 
10 Further, percentages given below for solid in solid mixture, liquid in 

liquid, and soUd in liquid are on the bases of wt/wt, vol/vol and wt/vol, 
respectively, unless specifically indicated otherwise. 

Reference Example 1 : Preparation of 7P -[(Z)-2-(2-aminothiazol-4-yl)-2- 
1 5 trityloxyiminoacetamido]-3-vinyl-3-cephem-4-carboxylic acid.p- 
TsOH.2DMAC 



8.0 g of 7-aminO"3"Vinyl-3-cephem-4-carboxylic acid and 21.5 g of (Z)- 
(2-aminothiazol-4-yl)-2-trityloxyinunoacetic acid 2-benzothia2olylthioester 

20 were suspended in 80 in£ of N,N-dimethylacetamide and 16.8 mC of tri-n- 
butylamine was added thereto. Then, the mixture was stirred for 1 hour while 
maintaining the temperature at 15 to 20 . 240 m£ of diethyl ether was added 
thereto and stirred for 30 minutes, and then filtered through a celUte. Added to 
the filtrate was 20.2 g of p-toluenesulfonic acid.monohydrate dissolved in 40 

25 mt of methanol and the resulting solution was stirred for 2 hours at room 
temperature. After 160 of diethyl ether was added thereto, the resulting 
solution was further stirred for 1 hour at room temperature, cooled to 0 to 5 1C , 
stirred for 1 hour and filtered. The precipitate thus obtained was washed 
sequentially with 50 M of N,N-dimethylacetamide/diethyl ether (1:5, v/v) and 

30 50 M of diethyl ether, and then dried to obtain 32.3 g(Yield: 93%) of the title 
compound as a pale yellow soUd. 

HPLC purity : 99.2% 

H-1S[MR(5, MeOH-d4) : 2.08(6H,s,Ci/3CO), 2.31(3H,s,CH3Ph), 
35 2.94(3H,s,"N-CH3), 3.01(3H, s,-N-CH3), 3.7(2H,brd s,C-2), 4.96(lH,s,C-6), 
5.22-5.34(2H,mrCH=CH2), 5.67(lH,s,C-7 ), 6.67(lH,s,aminothiazol ring-H), 
7.06-^7.29(20H,m,-Mf2, -Cff=CH2, P/ijC-,CH3P/i), 7.52(2H,d, l^CH^Ph) 
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Example 1 : Preparation of 7^ -[(Z)-2-(2-aininotMa2ol-4-yl)-2-hydroxyi^^ 
acetamido]-3 -vinyl-3 -cephem-4-carboxylic acid.H2S O4 

5 40g of 7P -[(Z)-2-(2-aininotbiazol-4-yl)-2-trityloxyiminoacet^ 

vmyl-3-cephem"4-carboxylic acid.p-TsOH.2DMAC obtained in Reference 
Example 1 was suspended in 200 m£ of acetonitrile. 20 m& of 90% formic 
acid and 6.0 m& of 98% sulfuric acid were added thereto and then reacted for 20 
hoxurs while maintaining the temperature at 15 to 20 . The precipitate thus 

10 ' obtained was filtered and washed sequentially with 100 id£ of acetonitrile and 
100 M of diethyl ether, and then dried to obtain 18.2 g(Yield: 91%) of the title 
compound as a pale yellow crystalline solid. 

HPLC purity : 99.9% 
15 E - isomer : 0.08% 

Melting point : 180t; (decomposition) 

IR(cm-^^r) : 3391, 3225, 3116, 1774, 1651, 1526, 1164, 1042, 877, 
672, 589, 570 

H-NMR(6JDMSO-d6) : 3.62, 3.85(2H,ABq,C-2), 5.24(lH,d,C-6), 
20 5.35(lH,d,-CH=CH2), 5.62(lH,d,-CH=CH2), 5.78 ~ 5.83(lH,m,C-7), 6.88(lH,s, 
aminothiazol ring-H), 6.90-7.00(1 H,m,-CH=CH2), 9.81(lH,d,-NH-) 

The X-ray diffraction pattem in Fig. 2 shows that the cefdinir.H2S04 
thus obtained is highly crystalline, which should be compared with the broad 
25 peak pattem for the cefdinir sulfate prepared in accordance with the 
conventional method (Fig 1). The peaks obsorved in Fig. 2 are summarized in 
Table 1. 



30 



35 
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Table 1 



20 


d 


I/Io 


29 


d 


I/Io 


8.4 


10.5 


100 


20.3 


4.4 


73 


9.4 


9.4 


21 


21.2 


4.2 


39 


11.8 


7.5 


28 


23.0 


3.9 


38 


14.1 


6.3 


61 


23.8 


3.7 


80 


17.0 


5.2 


30 


25.2 


3.5 


48 


18.6 


4.8 


95 


27.4 


3.3 


38 


19.0 


4.7 


55 


28.7 


3.1 


36 


19.6 


4.5 


32 


30.0 


3.0 


30 



d : lattice parameter; and 
5 I/Io : relative peak intensity 

Example 2 : Preparation of 7p -[(Z)-2-(2-aminothiazol-4-yl)-2-hydroxyimino 
acetamido]-3 -vinyl-3 -cephem-4-carboxylic acidCHaSOsH 

10 lOOg of 7P -[(Z)-2-(2-aimnothiazol-4-yl)-2-trityloxyiininoacetainido]« 

3-vinyl-3-cephem-4-carboxylic acid.p"TsOH.2DMAC obtained in Reference 
Example 1 was suspended in 200 mC of acetonitrile. 40 m& of 85% formic 
acid and 18.5 m£ of methanesxilfonic acid were added thereto, and then reacted 
for 20 hours while maintaining the temperature at 20 to 25 "C. The precipitate 

15 thus obtained was filtered and washed sequentially with 100 nu^ of acetonitrile 
and 100 of diethylether, and then dried to obtain 43.9 g(Yield 88%) of the 
title compound as a pale yellow crystalline solid. 

HPLC purity : 99.8% 
20 E- isomer: 0.12% 

Melting point : 210*0 (decomposition) 

IR(cm"\KBr) : 3285, 3231, 1775, 1684, 1636, 1527, 1356, 1195, 1145, 
1043, 782, 590 

H-NMR(SJ)MS0-d6) : 2.37(3H,s,CH3S),3.58, 3.82(2H^q,C-2), 
25 5.21(lH,d,C-6), 5.32(lH,d,-CH=CH2), 5.60(lH,d,-CH=CH2), 

5.75--5.80(lH,m,C-7), 6.85(lH,s, aminothiazol ring-H), 6.86--6.96(l H,m,. 
CH=CH2), 9.83(lH,d,-NH-) 



* t 
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The highly crystaUine nature of the cefdinir.CHaSOsH is verified by the 
powder X-ray difl&action pattern shown in Fig. 4. The cefdinir.CHaSOsH 
prepared in accordance with the prior art method is amorphous as showed in Fig 
5 3. The peaks observed in Fig. 4 are summarized in Table 2. 



Table 2 



26 


d 


I/Io 


26 


d 


I/Io 


6.1 


14.4 


44 


21.8 


4.1 


100 


11.8 


7.5 


38 


22.0 


4.0 


90 


13.3 


6.7 


28 


22.6 


3.9 


30 


16.5 


5.4 


30 


23.7 


3.8 


27 


17.0 


5.2 


21 


24.3 


3.7 


22 


19.0 


4.7 


26 


24.9 


3.6 


52 


19.7 


4.5 


38 


25.5 


3.5 


17 


20.6 


4.3 


17 


31.1 


2.9 


17 



10 

Example 3 : Preparation of 7P -[(Z)-2-(2-aininothiazol-4-yl)-2-hydroxyimino 
acetamido]-3-vinyl-3-cephem-4-carboxylic acid (cefdinir) 

3.0g of 7p -[(Z)-2-(2-aminothiazol-4-yl)-2-hydroxyiminoacetan^ 
15 vinyl-3-cephem-4-carboxyhc acid.H2S04 obtained in Example 1 was suspended 
in 30 m£ of water and adjusted to pH 3.4 to 3.6 with 1.0 g of sodium 
bicarbonate. The resulting solution was stirred at a temperature ranging from 
30 to 40 for 30 minutes, cooled to 0 to 5 V, and then stirred for 30 
minutes. The precipitate thus obtained was filtered and washed with 30 mi of 
20 distilled water, and then dried to obtain 1 .40 g(Yield 87%) of the title compound 
as a pale yellow crystalline solid. 

HPLC purity : 99.9% 

E - isomer content : 0.06% 
25 H-NMR(5,DMSO-d6) : 3.57, 3.85(2H,ABq,C-2), 5.20(lH,d,C-6), 

5.32(lH,drCH=CH2), 5,61(lH,d,-CH=CH2), 5.79--5.83(lH,m,C-7), 
6.69(lH,s,aminothiozol ring-H), 6.89-6.98(1 H,m,-CH=CH2), 7.14(2H, brd s. 
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-NH2), 9.79(lH,d,-NH-). 

Exam ple 4 : Preparation of 7P -[(Z)-2-(2-aininothiazol-4-yl)-2-hydroxyainino 
acetamido]-3-vmyl-3-cephern-4-carboxylic acid (cefdinir) 

5 

5.0 g of 7p -[(Z)-2-(2-aininotWazol-4-yl)-2-hydroxyiminoacetamido]"3- 
vinyl-3-cephein-4-carboxylic acid-CHaSOsH obtained in Example 2 was 
suspended in 50 M of ethanol and adjusted to pH 3.4 to 3.6 by adding 
triethylamine thereto dropwise. The resulting solution was stirred at a 
10 temperature ranging from 30 to 35 for 30 minutes. The precipitate thus 
obtained was filtered, dispersed in a mixture of 30 of distilled water and 10 
of ethanol, stirred at a temperature ranging from 30 to 35 *C for 30 minutes, 
filtered, washed with 20 m£ of distilled water, and then dried to obtain 3.31 
g(Yield: 82%) of the title compound as a pale yellow crystalline solid. 



15 



20 



HPLC purily : 99.8% 

E - isomer content : 0.08% 

H-NMR data of this product were identical with those of the compound 
prepared in Example 3. 

While the invention has been described with respect to the above 
specific embodiments, it should be recognized that various modifications and 
changes may be made to the invention by those skilled in the art which also fall 
within the scope of the invention as defined by the appended claims. 



25 
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What is claimed is : 



1, A crystalline acid salt of cefdinir of formula (I): 




CONH 




CO2H 



(I) 



wherein HX is H2SO4 or CH3SO3H. 

2. A method of preparing the crystalline acid salt of cefdinir of formula 
10 (I) recited in claim 1 which comprises reacting a cefdinir intermediate of 
formula (II) with a formic acid-sulfuric acid mixture or a formic acid- 
methanesulfonic acid mixture in a solvent: 



pCPha 



15 




CONH 




p-TsOH2DMAC 



CO2H 



wherein Ph is phenyl, 

p-TsOH is p-toluenesulfonic acid, and 

DMAC is NjN-dimethylacetamide. 



(n) 



20 3. The method of claim 2, wherein the formic acid is an aqueous 

solution having a formic acid content of 99 to 70 %• 

4. The method of claim 2, wherein the formic acid is used in an amount 
ranging from 5 to 30 equivalents based on the amount of the cefdinir 
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intennediate of fonnula (II). 

5. The method of claim 2, wherein sulfuric acid or methanesulfonic acid 
is used in an amount ranging from 2 to 5 equivalents based on the amomt of the 

5 cefdinir intennediate of formula (II). 

6. The method of claim 2, wherein the solvent is selected from the group 
consisting of acetonitrile, diethyl ether, tetrahydroftiran, 1,4-dioxane, ethyl 
acetate, methylene chloride, chloroform, isopropanol, ethanol and a mixture 

10 thereof. 

7. The method of claim 2, wherein the solvent is acetonitrile. . 

8. A method of preparing cefdinir of formula (HI) which comprises 
15 reacting the crystalline acid salt of cefdinir of foraiula (I) with a base in a 

solvent: 




CONH- 




CO2H ^jjj^ 



20 9. The method of claim 8, wherein the solvent is selected from the group 

consisting of water, ethanol, methanol, acetonitrile, 1,4-dioxane, isopropanol, 
acetone, methylethylketone, mehtylisobuthylketone and a mixture thereof. 

10. The method of claim 8, wherein the base is selected from the group 
25 consisting of aqueous ammonia, sodium hydroxide, potassium hydroxide, 
sodium carbonate, potassium carbonate, sodium bicarbonate, potassium 
bicarbonate, sodium acetate, potassium acetate, sodium ethylhexanoate, 
triethylamine, diisopropylethylamine, dimefhylethylamine, tributylamine, 
pyridine, dimethylbenzylamine, triethanolamine, dimethylaminopyridine and a 
30 mixture thereof 



• 1 
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11. The method of claim 10, wherein the base is sodiimi acetate. 
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FIG. 2 
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FIG. 3 
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